One promising low-resource intervention is the use of a simplified version of extant standard consent forms. Considered a type of "enhanced" consent form, simplified consent materials are shorter documents that use simpler language and formatting to enhance readability (Nishimura et al., 2013) . The effect of simplified consent forms on patient understanding has been tested, but mostly under simulated, rather than real-world conditions (Flory & Emanuel, 2004; Nishimura et al., 2013) . In 2004, Flory and Emanuel discouraged further simulation studies because of validity concerns, yet in the following 10 years, all studies of simplified consent interventions were conducted under simulated conditions (Flory & Emanuel, 2004; Nishimura et al., 2013) . As such, we know little about the effect of simplified consent forms on patient understanding or participant accrual, or the feasibility of their use, in real-world research settings.
To advance research on these topics, we investigated whether substituting a simplified consent form for the standard form of an active biobanking program would yield better patient accrual and understanding of the processes and implications of biobanking. We also investigated whether clinic staff encountered barriers to using the simplified form.
Method

Design
We conducted a sequential two-arm study at an academic medical research center in Northern California to compare the effects of standard versus simplified consent materials on patient understanding of consent and biobank accrual rates. This study was part of a parent study, EngageUC, which was a large multicampus project designed to improve biobanking systems and donor recruitment to biobanks at a large university system (Garrett et al., 2015; Dry et al., 2017) .
Setting
The setting for the trial was a large breast health clinic that was actively recruiting donors for its biorepository. As part of routine care, clinic staff administered intake questionnaires to patients either via email before appointments or inperson in the clinic waiting room. The questionnaire included a question about the patient's potential interest in donating blood or saliva to the biobank. These data were recorded by clinic staff, and patients who indicated interest were targeted for recruitment. In most instances, these "interested" patients were approached by clinic study coordinators before their appointments to initiate the consent process. Patients were not approached if coordinators judged there to be inadequate time to complete the consent process before the patient's scheduled appointment or if a study coordinator was unavailable. A subset of "interested" patients therefore did not have the opportunity to join the biobank.
Intervention
The intervention substituted a simplified consent form for the breast health clinic's standard biobanking consent form, which was nearly 1,700 words and four pages long. Its reading level was estimated to be 9th to 10th grade based on the Flesch-Kinkaid readability test. See Online Appendix A for the standard consent form.
We based the simplified consent form on one developed by Beskow and colleagues that is specific to biobank participation (Beskow, Friedman, Chantelle Hardy, Lin, & Weinfurt, 2010) . In keeping with their design and those of other simplified consent forms (Flory & Emanuel, 2004) , we eliminated standard but unnecessary information and incorporated content headers, simplified vocabulary, and simplified sentence structure. We also consulted with a team of legal experts to ensure our form was in compliance with California law.
These simplifications were inspired by input we received in a related study, for which we engaged lay Californians in deliberations about biobanking processes (Garrett et al., 2015; Dry et al., 2017) . Participants in these deliberations recommended that biobanks employ consent forms that communicate important information in simple and clear language, in a manner accessible to the average patient. Our consent form modifications advance these goals. The simplified format totaled 1,200 words in just over two pages, with an eighth-grade Flesch-Kincaid reading level, and used clear and informative headings to structure the document. See Online Appendix B for the simplified consent form.
Outcomes
The outcomes of interest were patient accrual to the clinic's biobank and patient understanding of biobanking research participation. Accrual was estimated using two kinds of clinic-based administrative data. The total number of eligible patients was based on the breast health clinic's records of which patients expressed interest in participating in the clinic biobank. The total number of participants was derived from biorepository records of which patients consented to provide a sample.
To assess patient understanding, we used a version of the self-administered Quality of Informed Consent (QuIC) instrument. Originally developed to assess understanding of cancer clinical trials (Roberts et al., 2004) , the instrument was designed to assess the elements of informed consent that constitute meaningful understanding of clinical research participation as described in the Common Rule. The instrument was found to be reliable, valid, and easily administered (approximately 7 minutes; Joffe et al., 2001b) . We modified the instrument to assess meaningful knowledge of biobank research participation (see Online Appendix C). The modifications were informed by items in McCarty, Nair, Austin, and Giampietro's (2007) QuIC instrument, which was designed to measure subjects' understanding of information about participation in a genomic personalized medicine study; by literature on the critical components of informed consent in biobank research (Ormond et al., 2009) ; and by feedback from bioethics experts.
Our QuIC instrument contained 17 questions designed to evaluate objective understanding of biobanking processes, the handling of samples, donor rights, and related topics. Each question had the same answer choices-"true," "false," and "don't know." In keeping with other QuIC instruments, we varied the wording of the questions to avoid agreement bias so that for some questions, the correct answer was "false" and for some, the correct answer was "true" (Joffe et al., 2001b) .
Due to concerns about a mismatch between one QuIC question and the consent forms, and to poor subject comprehension of two others, we chose to omit three questions from the analyses. The findings presented here are based on data from the remaining 14 questions. As assessing incorrect and inadequate knowledge is important to evaluating the simplified consent form, our analyses consider both the number of correct answers and the number of "don't know" answers.
Participant demographics were self-reported using a battery of questions modeled after 2010 Census measures.
Procedures
During the first period of this sequential two-arm study, biobank consent coordinators used their standard consent form. For the second arm, they used our study's simplified consent form. Our research staff trained the biobank coordinators in the use of the simplified form at the outset of Arm 2. During both arms, directly after the biobank consent process, the clinic's biobank study coordinators asked patients if the clinic could alert them to future research opportunities. Patients who agreed were introduced to our study's dedicated study coordinator and recruited into our consent study. Our coordinator administered the QuIC knowledge survey and demographic questions via a paper-or iPad-based questionnaire.
Analyses were conducted in SPSS version 22. Tests of significance included t tests for the mean numbers of total correct and "don't know" QuIC responses and chi-square tests for the remaining analyses.
All study participants provided written consent and all activities were reviewed and approved by the relevant institutional review board (IRB).
Results
The standard arm of the trial took place August through November 2014. The simplified arm took place from January through May 2015. During each arm of the trial, we recruited 65 patients who had gone through the biobank consent processes (n = 130). QuIC data are missing for three participants in the standard arm. All participants were female. The demographic characteristics of the study populations were similar across the two arms (Table 1) .
Patients indicated on the clinic intake form whether they were interested in potentially donating to the biobank. During the standard arm, 699 breast clinic patients indicated interest in biospecimen donation ("interested patients"), while 697 expressed interest during the simplified arm. During both arms, an unknown number of these interested patients were not offered the opportunity to participate in biobanking due to logistical problems at the clinic, for example, staff were not available or patient wait Note. Data are complete for all respondents; all distributions sum to 100%. All subjects are female.
times precluded recruitment. Clinic staff reported that these logistical factors did not differ systematically during the standard and simplified recruitment periods.
Increased Accrual Rates
We assessed accrual rates across the standard and simplified consent arms among patients who expressed interest in biobank donation on the intake form (the interested patient universe). During the standard consent arm, 388 (55.5%) interested patients consented to biobank donation, and during the simplified arm, 428 (61.4%) interested patients consented to donate (p = .025; Table 2 ).
More Correct Responses
Patients who reviewed the simplified consent form (Arm 2) answered more QuIC questions correctly than did patients who reviewed the standard form. Across the 14 questions, the mean number of correct responses was 8.16 for the standard consent sample and 8.89 for the simplified consent sample (p = .064). Patients in the simplified arm had higher rates of correct responses for nine of the 14 QuIC questions (range of increase: 2-17 percentage points). For most of these questions, the differences between Arm 1 and Arm 2 were 9 percentage points or greater (Table 3) . None of these differences were significant using conventional criteria (p < .05), but two were marginally significant (p < .10). These items concerned the donor's right to remove her sample from the biobank (Item 13) and third-party access to the donor's medical record (Item 11). For the remaining five questions, three showed no change across arms in the proportion answering correctly (including Question 2, for which 100% of respondents gave correct responses in both arms), and two showed greater, though nonsignificant, proportions of incorrect answers among patients in the simplified arm.
Fewer "Don't Know" Responses
Across the 14 questions, the mean number of "don't know" responses was 3.71 for the standard consent sample and 3.01 for the simplified consent sample (p = .077). Compared with the patients who reviewed the standard consent form, those who reviewed the simplified form responded "don't know" to the QuIC at lower rates for 8 of the 14 questions (range of decrease: 0.1-17 percentage points). Of these eight items, four showed marginally significant differences (.05 < p < .10). "Don't know" response rates were higher in the simplified arm for five of the 14 questions (range of increase: 1.4-7.6 percentage points); none were significant or marginally significant. Rates were the same across arms for one item (Item 2) that received no "don't know" answers (see Table 4 ).
No Barriers to Implementation
The study team observed no barriers to the adoption or implementation of the simplified consent form in the second arm of the study. The clinic's staff and leadership communicated support for the modified form's content and purpose. The clinic's biobank recruiting staff were able to integrate the form into their existing practices and reported no difficulties in its use. In spontaneous comments to our study staff, several clinic staff members stated they preferred the simplified form.
Discussion
This study of a high-volume breast clinic with an active biobanking program demonstrates the feasibility of implementing a simplified consent form (shorter, more informative, more readable) in place of a standard consent form. The simplified consent form performed better than the standardized form in the domains of patient accrual and patient understanding. More patients who reviewed the simplified consent answered comprehension questions correctly, and fewer patients who reviewed the simplified form said they did not know the answer to comprehension questions. The study was small so most effect sizes are of marginal statistical significance (p < .10). Nevertheless, the overall results are important because this study is among the first to implement and Subset of patients who said "yes" to this question on the clinic intake questionnaire: "We are asking our participants to donate a small sample of blood or saliva at the end of their mammography appointment for future research purposes. Are you interested? (At the end of your mammogram visit, you will be given a separate consent to sign for this and will also have a chance to ask any questions you may have.)" examine the impact of simplified consent in a real-world setting rather than asking about hypothetical situations (Kass, Taylor, Ali, Hallez, & Chaisson, 2015; Nishimura et al., 2013) . Future research should investigate whether these findings stand up in larger studies and whether they are applicable in other settings. Note. DK = don't know.
Although scholars have studied the effects of many different interventions on participant understanding, information retention, and participant satisfaction, they have paid relatively little attention to the costs of the development and implementation of these interventions. Much as we and others (Flory & Emanuel, 2004) have argued that such interventions must be studied in real-world settings, so we argue that these interventions must work within "real world" constraints. Some health care institutions or research teams may have the resources to create professional multimedia consent materials and provide the devices necessary for their delivery to patients. Similarly, some clinics may be able to fund the extra staff needed to conduct interaction-heavy consent interventions such as teach-back activities. However, these types of interventions may be impractical or impossible for other institutions and research teams to implement. In these cases, a simplified consent form-which requires arguably fewer resources to develop and no changes to consent proceduresmay be far more feasible to implement.
Limitations
These findings should be interpreted in light of several limitations. Our data are from female patients in Northern California receiving care at a breast health clinic; the samples do not reflect the breast health clinic's entire patient population and their generalizability to other patient populations is unknown. Another limitation to generalizability is that patients in this study expressed an interest in biobank participation on the clinic intake form. This self-selected sample may have higherthan-average interest in research participation. We note, however, that we have no reason to believe this self-selected population would respond in meaningfully different ways to standard versus simplified consent. A final noteworthy limitation of this study is our use of an imprecise measurement of study accrual. As noted above, logistical factors meant that some patients who expressed interest in biobanking were "missed" by clinic staff and never invited to participate. We have no records of which patients were missed or how many patients were missed during each arm. Our analysis of patient accrual misclassifies these "missed" patients as refusals to participate. Mitigating this limitation is that clinic staffing and procedures were consistent across both arms of the study. We have no reason to suspect that the proportion of "missed" patients differed across the study arms or that there was bias in which patients were missed in the two arms. Nevertheless, it would have been preferable to conduct accrual analyses on data from only the subset of patients who had the opportunity to review biobanking consent materials.
Best Practices
These findings suggest that simplified consent forms, which participants have preferred to standard consent forms in studies of hypothetical research, may have advantages over standard consent in practice. Biorepository and IRB leaders should consider developing and implementing simplified consent forms that are more readable and that support overall understanding of biobank participation. One limitation of the present study is that it involved a relatively small number of participants of limited diversity. Leaders who choose to implement simplified consent materials should monitor the implementation of the consent format. They should collect information on how patients respond, with an eye toward appreciating variation in responses across different patient populations and facilitating quality improvement in forms and processes.
Research Agenda
To our knowledge, this study is among the first to implement simplified consent material in a real-world biobank setting and to gauge its effects on study accrual and patient understanding of study processes. Additional research is needed on how well simplified consent forms perform logistically in diverse clinical settings, as well as how simplified forms fare among diverse patient populations. Future research is also needed to investigate barriers to and helpful resources for the simplification of existing consent forms. Can study investigators develop comprehensive and highly readable consent forms as well as teams that include, for example, legal professionals, graphic designers, or recruiters familiar with the target population? What visual or formatting layout is preferred by different patient populations? Such research can determine best practices for the development of high-quality simplified consent materials.
Educational Implications
This study adds to the growing research literature and policy consensus in support of simplified consent materials that focus on reasons why an individual might want to participate in research ; "Federal Policy for the Protection of Human Subjects," 2017). Educating biobank managers and IRB leaders about the advantages and acceptability of simplified consent is a priority. Professional societies such as American College of Pathologists (for biobankers) and Public Responsibility in Medicine and Research (PRIMR; for IRB professionals) should continue to develop and disseminate the educational programs they have already launched.
Conclusion
Decades of research shows that many biomedical study participants poorly understand the research in which they take part. Much of this is tied to overly long and complex consent materials. Our findings suggest that using a shortened and simplified consent form represents a feasible, lowresources way to modestly improve both patient understanding of the target study and accrual to it. Future research should extend this research by investigating the effects of simplified forms for different patient populations in diverse real-world settings.
